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ABSTRACT
If new particles are discovered, it will be important to determine if they are
the supersymmetric partners of standard model bosons and fermions. Super-
symmetry predicts relations among the couplings and masses of these particles.





lider with measurements that exploit the availability of polarized beams.
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The phenomenological predictions of supersymmetry (SUSY) may be divided into
the following three categories: (I) predictions that would constitute indirect evidence
for SUSY if veried, including, for example, the existence of a light Higgs boson; (II) the
existence of particles with the correct spin and quantum numbers to be superpartners
of standard model particles; and (III) well-dened quantitative relations among the
couplings and masses of these new particles. While the predictions of (I) are of great
interest, their verication is clearly no substitute for direct evidence. The discovery of
a large number of particles in category (II) would be strong support for SUSY, but it is
unlikely that future searches will immediately yield many sparticles. On the other hand,
if only one or a few new particles are discovered, precise verication of the relations
of category (III) could be taken as conrmation of SUSY. It is the prospects for such
tests that we investigate in this study.







s = 500GeV and a luminosity of 10   100 fb
 1
/year, is a powerful tool for
studying the properties of new particles.
1
The clean environment and polarizable beams
provided by such a machine make it well-suited to precision studies, and we will study
the prospects for precision tests of SUSY in this setting. We will also limit the discussion
to the case in which charginos are produced, but slepton and squark pair production
is beyond reach. Remarks about other scenarios may be found in an extended version
of this work done with H. Murayama, M. E. Peskin, and X. Tata.
2
In Sec. 2 we assume SUSY and use it as a guide to selecting well-motivated case
studies. We review the parameters that enter chargino production and decay, and we
divide the SUSY parameter space into characteristic regions. In Sec. 3 we explore the
rst of these regions and test the form of the chargino mass matrix. In Sec. 4 we
consider another region and test the chargino-fermion-sfermion coupling.
2. Regions of Parameter Space
This study will be conducted in the context of the minimal supersymmetric stan-
dard model (MSSM), the supersymmetric extension of the standard model with min-
imal eld content. The charginos of the MSSM are mixtures of the charged Higgsinos
2
























































. The matrices V and U are eectively orthogonal rotation matrices parametrized









there is no intergenerational mixing in the sfermion sector, and sleptons and squarks





, respectively. (The last assumption may be
partially relaxed.
3
) With these assumptions, the parameters that enter chargino events
are , M
2







. With an e
 
L
beam, chargino production occurs
through s-channel Z and  diagrams and t-channel ~
e
exchange, and so d
L
=d cos 






is absent, and so d
R
=d cos  is dependent on only the rst three parameters , M
2
,










































. All six parameters enter the decay process.















) depend only on , M
2
, and tan . The dependence
on tan is weak; we set tan  = 4 as a representative case. In Fig. 1, the cross-hatched
region is excluded by present experiments, and chargino production is inaccessible for
p
s = 500GeV in the hatched region. We divide the remaining bands of the (;M
2
)






production is possible, and






regions 2 (shaded, 
R
 0) and 3 (where, typically, 
R
> 50 fb). We will consider case




 170GeV ; this contour is the dotted curve in Fig. 1. Region







become degenerate as M
2
increases. Although it may be possible to verify SUSY






















Fig. 1. The characteristic regions of parameter space.
3. Region 1

























= 255GeV . The uncertainty in determining these masses
is very small
1
and will be unimportant for this study. There are additional features
that are typical of Region 1: 
R













to a very good approximation.
In this region we generalize the chargino mass matrix to an arbitrary real 2  2

























, that is, the equality of the Higgs
boson and Higgsino couplings. Formally, this is a simple task. The four parameters en-





















, and two quantities derived from d
R





) and may therefore boundM

W
. It is useful to work with the total cross section

R




, dened below. Unfortunately,
neither quantity is observed directly. We have performed Monte Carlo simulations at
a large number of points obtained by varying the supersymmetry parameters and M

W
to determine the correlation of these quantities to experimental observables.
The Monte Carlo simulations for chargino events used the parton-level event
generator of Feng and Strassler
3
with detector parameters as chosen in the JLC study.
1
Chargino events were selected from mixed-mode events in which one chargino decays
hadronically and the other leptonically, using the system of cuts presented by the JLC





< 0:75), to remove the forward peak of WW events. With these
cuts and a highly polarized e
 
R
beam, the total background is negligible.
To nd 
R






, and the eciency of the cuts determined by Monte Carlo. The simulations also








(0 < cos  < 0:75)   

( 1 < cos  < 0)


( 1 < cos  < 0:75)
(3)
is highly correlated with the forward-backward asymmetry of the hadronic system's
direction. For an integrated luminosity of 50 fb
 1
, these two quantities should be de-
termined to the level 
R




=  37  6:9%, where the 1 errors















< 100GeV , a signicant quantitative conrmation of SUSY.
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) plane. Contours of M

W
are plotted in GeV.
4. Region 2

























= 512GeV , and 
R
 0. Here we must rely on measurement of d
L
=d cos , which
introduces dependence on m
~





 0, i.e., charginos and neutralinos are very nearly pure gauginos. In















and test the SUSY relation g

= g,
that is the equality of the W boson and wino couplings. The dierential cross section
d
L





















 0, we have only two unknowns. These may be constrained with two
quantities formed from d
L







We follow the procedure of the previous section, with the exception of using cuts
appropriate to on-shell W decays.
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= 6:4% for an integrated luminosity of 50 fb
 1
. These measurements




) plane to the three shaded areas shown in
Fig. 3. If m
~
< 250GeV can be excluded, the allowed region is only the largest of these
shaded regions, in which 0:75g  g

 1:3g. In addition to conrming the prediction of
SUSY, it is clear from Fig. 3 that we have simultaneously bounded m
~
, a useful result
for future sparticle searches.
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